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INTRODUCTION

Increasing expectations of high esthetics, biocompatibility 
and strength have led to numerous improvements in 
ceramic restoration. Recently developed yttria-stabilized 
tetragonal zirconia polycrystal (Y-TZP) and 
transformation toughening have resulted in a 
breakthrough in the field of esthetic full-veneer 
restorations. As a result, high-strength zirconia is now 
being used in the production of fixed partial prostheses, 
even in load-bearing areas1-4). The In-Ceram® ZIRCONIA 
(Vita Zahnfabrik, Säckingen, Germany) system combines 
the use of glass-infiltrated alumina with 35% partially-
stabilized zirconia for core materials. Similarly to the 
VITA In-Ceram® ALUMINA system, this ceramic uses a 
slipcasting technique or milling-out of prefabricated 
partially-sintered blanks to create the framework1,4,5) .

Specifically, copings of zirconia or alumina-
reinforced with zirconia based porcelain restorations can 
be produced by manual-aided design and computer-
assisted manufacturing (MAD/CAM) or computer-aided 
design and computer-assisted manufacturing (CAD/
CAM). CAD/CAM rapidly provides reproducible results 
fulfilling certain standards and reduces the errors 
arising from the technician. However, it is associated 
with higher costs. On the other hand, MAD/CAM is an 
easy to use system with low costs and it is not associated 
with computerized difficulties.

Zirconia or alumina-based materials have many 
advantages such as biocompatibility, low bacterial 
adhesion, traditional cementation and perfect mechanical 
properties. However, high durability of dental restoration 
is not only the result of mechanical properties. Marginal 
gaps can cause carious teeth, cement resolution, defected 
margins, subgingival microflora changes, periodontal 
destruction and periapical lesions resulting in pulpal 

effect. For these reasons, marginal fit plays a significant 
role in the longevity of restorations6-9).

This aim of study compared the marginal fit of four 
different coping materials created by MAD/CAM or CAD/
CAM. Traditional casting metal copings were used in the 
control group. It was hypothesized that the copings 
fabricated by CAD/CAM system utilizing computer 
technology would be associated with less marginal gap. 

MATERIALS AND METHODS

An implant abutment (TiDesign 4.5/5.0, diameter: 6.5, 3 
mm, 24238, Astra Tech AB, Mölndal, Sweden) with 
chamfer finish line and 6° taper angle was used to 
produce the copings.  A stainless steel octagonal mold 
(Fig. 1) was created and filled with cold acrylic (Meliodent, 
Heraeus Kulzer, Senden, Germany). Before acrylic 
polymerization, the abutment was seated in the acrylic, 
exposing its cervical area. The octagonal mold was 
separated after acrylic polymerization and finally, a 
measurement block consisting of an abutment-fixed 
octagonal acrylic block was manufactured (Fig. 2). The 
thickness of the coping was 0.5 mm all around, simulating 
the conical structure of the abutment (Fig. 2). Sixteen 
reference points, including all corners and midpoints of 
the edges were marked (Fig. 3). Projections of these 
points were marked on every coping located on the 
abutment. Marked points on copings were used as 
measurement points. The octagonal structure of the 
measurement block enabled measurements from 16 
points and allowed the samples to be examined parallel 
to the focal plane of the microscope. Then, the marginal 
gap was measured for marginal fit as described by 
Holmes et al.10).

Four different coping materials were used in this 
study (Table 1): Celay and Zirkonzahn (Zr-Zahn) were 
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fabricated by MAD/CAM, and LAVA and DC-Zircon 
(DCS) were fabricated by CAD/CAM. Casting metal 
copings were used in the control group. Groups consisted 
of 10 samples (n=10).

Coping preparation
Celay: Copings were prepared on abutment with pattern 
resin. They were attached to the coping side of the 
copy-milling unit (Celay, Mikrona Technologie AG, 
Spreitenbach, Switzerland), while the Alumina blank 
reinforced with Zirconia (In-Ceram® ZIRCONIA, Vita 
Zahnfabrik, Bad Säckingen, Germany) was attached at 
the milling side. Copings were infiltrated with glass at 
1,100°C for 1.5 hours in an oven (VITA VACUMAT® 40 
T, Vita Zahnfabrik, Bad Säckingen, Germany). After 
removal from the oven, bulges and discrepancies were 
removed with a bur. 

Zr-Zahn: Copings were prepared on the abutment 
with pattern resin. They were fixed and processed by a 
manual Zr-Zahn milling unit (Zirkograph 025 ECO, 
Zirkonzahn GmbH, Gais, Italy). The milling procedure 
was performed in Zr-Zahn blanks (Zirkonzahn GmbH, 
Gais, Italy). Sintering was performed in a sintering 
furnace (Zirkonofen 600/V2, Zirkonzahn GmbH, Gais, 
Italy) at 500°C for eight hours. After sintering, bulges 
and discrepancies were removed with a bur. Coping with 
pattern resin was performed by the same technician for 
all MAD/CAM forms. 

LAVA: Abutment used for coping preparation was 
scanned by Lava™ ScanST  (3M ESPE, St. Paul, MN, 
USA) and copings were designed using Lava Design 

Fig. 1    A stainless steel octagonal mold.

Fig. 3    Measurement points of the copings.

Fig. 2 The measurement block consisting of an 
abutment-fixed octagonal acrylic block and a; 
coping view front, b; coping view back.

Materials Blanks Manufacturer

Celay Al2O3/ZrO2 (Alumina blanks reinforced with zirconia) Vita, Bad Säckingen, Germany

Zr-Zahn Yttrium-stabilized zirconia Vita Zahnfabrik, Gais, Italy

LAVA Yttrium-stabilized zirconia 3M ESPE, Seafeld, Germany

DCS HIP-zirconia DCS Dental AG, Allschwil, 
Switzerland

Metal alloy 62% Ni, 25% Cr, 9.5% Mo, 3.5% Si Mealloy, Dentsplay MEA&CIS 
Division, Italy

Table 1 Coping materials used in the study

a b
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software. Following the designs, copings were created 
from LAVA blanks (Lava™ Frame Zirconia, 3M ESPE, 
St. Paul, MN, USA)  in a milling unit (Lava™ Form 
milling system, 3M ESPE, St. Paul, MN, USA). Then, 
they were stored under room temperature for 3.5 hours 
as a preliminary drying procedure. Then, the temperature 
was gradually increased to 1,500°C in 2.5 hours and 
sintering was completed in 2 hours. The sintering 
process, which lasted for approximately eight hours, was 
performed in the LavaTerm sintering unit (Lava™ 
Furnace 200, 3M ESPE, St. Paul, MN, USA). Following 
sintering, bulges and discrepancies were removed with a 
bur. 

DCS: All surfaces of abutment used for coping 
preparation were covered with Dayr spray before 
scanning, since the scanning unit (Press Scan, DCS 
Dental AG, Allschwil, Switzerland) could only detect 
white. Design was performed with DentForm software 
(DCS Dental AG, Allschwil, Switzerland). DC-Zircon 
block was not subjected to sintering because it was 
already sintered. Fully-sintered DCS blanks (DC-Zircon, 
DCS Dental AG, Allschwil, Switzerland) were attached 
to a milling machine (Precimill, DCS Dental AG, 
Allschwil, Switzerland). Preparation was completed in 
approximately 3 hours. After milling, bulges and 
discrepancies were removed with a bur. 

Metal alloy: A metal coping group was used as the 
control group. Wax patterns were prepared for metal 
copings. Care was taken to follow manufacturer’s 
instructions. Using non-noble metal alloy (Mealloy, 
Dentsply MEA&CIS Division, Roma, Italy), metal 
copings were produced in the casting machine (Seit 
Elettronica SrI, DS1 Topcast, Valdobbiadene, Italy) in 
1,450°C. After casting, refractory residues were cleaned 
by sandblasting. Then, bulges and discrepancies were 
removed with a bur.

All copings were then cleaned with steam and dried 
with compressed air. In addition, all copings were 
checked with a caliper (Jensen JP-1 JDC 28-337-10, 
Metzingen, Germany) and were reprocessed to fix the 
thicknesses at 0.5 mm.  

The first measurement was taken from the marked 
reference point of every coping. Then, the measurement 
block was rotated carefully and 16 measurements were 
taken, respectively. Samples were examined at ×150 
magnification with a Leica MZ 16 FA stereomicroscope 

(Leica Microsystems Ltd, Heerbrugg, Switzerland) A 
Leica DFC 320 camera (Leica Microsystems Imaging 
Solutions Ltd, Cambridge, United Kingdom) and Leica 
Image manager IM 1000 V 4.0 R117 (Leica Microsystems 
Ltd, Heerbrugg, Switzerland) software were used. The 
arithmetic mean of 16 points was calculated. Three 
copings from MAD/CAM, CAD/CAM and the control 
group were selected randomly to evaluate surveyor 
reliability. All copings were measured by the same 
operator and values were compared.  

NCSS 2007 was used for statistical analysis. In 
addition to descriptive statistics (mean, standard 
deviation), one-way analysis of variance (ANOVA) was 
used to detect the differences between groups and Tukey 
multiple comparison test was used for pair-wise 
comparisons. Statistical tests were performed with alpha 
levels equal to 0.05 (Table 2). 

RESULTS

Surveyor reliability was high, with an R value of 0.818. 
The marginal gap mean value for Celay material was 
significantly less than Zr-Zahn, DCS and metal materials 
(p=0.003, p=0.005, p=0.001), but was significantly higher 
than marginal gap mean values for LAVA (p=0.016) 
(Table  2, 3).

The mean marginal gap value of Zr-Zahn material 
was significantly higher than that of marginal gap values 
for LAVA and Celay materials (p=0.001, p=0.003). In 
addition, there was no significant difference between 
mean marginal gap values for Zr-Zahn and DCS or the 
metal group (p>0.05 and p>0.05, respectively).

LAVA material had the least mean marginal gap 
value among DCS, Zr-Zahn, Celay and metal groups 
(p=0.001, p=0.001, p=0.016 and p=0.001, respectively) 
(Table 3). DCS material had significantly higher mean 
marginal gap value than LAVA and Celay materials 
(p=0.001 and p=0.005, respectively). There were no 
significant differences between the mean marginal gap 
values of DCS and Zr-Zahn materials (p>0.05 ) (Table 3).

Marginal adaptation is listed from best to worst as 
follows: LAVA (24.6±14.0 µm)<Celay (64.9±25.2 µm)< 
DCS (110.1±36.5 µm)<Zr-Zahn (112.1±22.6 µm)<Metal 
(120.1±33.1 µm) ( Fig. 4a–e ).

Groups Number of samples (n) Marginal gap, µm
Mean (SD)

Marginal gap, µm
(range, min–max)

Celay 10  64.9 (25.2) 39.9–123.6

Zr-Zahn 10 112.1 (22.6) 82.6–152.6

LAVA 10  24.6 (14.0)  9.0– 44.6

DCS 10 110.1 (36.5) 47.0–177.3

Metal 10 120.1 (33.1) 80.7–162.1

SD: Standard Deviation

Table 2 Marginal gap measurement results
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DISCUSSION

Marginal adaptation is essential in increasing the 
long-term success of a restoration11). Optimal marginal 
adaptation is an important factor in the biologic and 
mechanical stabilization of the fixed prosthesis. 
Increased marginal discrepancy causes maladjusted 
restorations and results in a high risk of periodontal 
diseases and tooth decay7,8,12). For full ceramic crowns, a 
marginal gap between 1 and 165 µm is considered 
acceptable13,14). However, some authors suggest that 
100–150 µm is acceptable for various restorations15,16). 
McLean and von Fraunhofer17) recommended 120 µm as 
the maximum acceptable marginal gap value based on 
the results of a five-year study consisting of 1,000 
restorations. In this study, mean marginal gap values of 
all study groups were below 120 µm, except for the 
control group. Control group also had an acceptable 
borderline value (120.1±33.1 µm).

The mean marginal gap for full ceramic crowns 
created by CAD/CAM is reported to be 23–74 µm6,18,19). In 
the present study, LAVA zirconia copings created by 
CAD/CAM had similar mean marginal gap value 
(24.6±14.0 µm); however, DCS had higher results 

Comparison p value (Tukey test)

Celay versus Zr-Zahn 0.003*

Celay versus LAVA 0.016*

Celay versus DCS 0.005*

Celay versus Metal 0.001*

Zr-Zahn versus LAVA 0.001*

Zr-Zahn versus DCS 0.998

Zr-Zahn versus Metal 0.965

LAVA versus DCS 0.001*

LAVA versus Metal 0.001*

DCS versus Metal 0.926

* Indicates statistical significance

Table 3 Statistical comparisons of the groups with 
regard to mean marginal gap values

Fig. 4 Marginal fit photograph (×150)
 a: Celay coping 
 b: Zr-Zahn coping 
 c: LAVA coping 
 d: DCS coping 
 e: Metal coping 
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(110.1±36.5 µm). The difference in mean marginal gap 
values between the two groups of copings created by 
CAD/CAM could be the result of different sintering 
procedures of zircon blanks. It can also be speculated 
that the hard structure of zircon blanks, the result of full 
sintering, may result in inconvenient milling procedures. 
Therefore, this may decrease the precision of marginal 
adaptation and explain the results of the present study. 
Other studies of LAVA20,21) found higher marginal gap 
values compared to this study, whereas studies of DCS 
found smaller values6,18). These differences between the 
present and previous studies may be the result of 
different measurement techniques and reference 
locations used, subjective nature of the measurements, 
and the use of different blank materials. 

The mean marginal gap value (64.89 µm) of the 
Celay group created by MAD/CAM was greater than the 
value determined by Groten et al.22) (23.0 µm) and less 
than the value observed by Yeo et al.23) (83 µm). The 
present study shows that Celay has a significantly 
smaller marginal gap than the CAD/CAM product DCS, 
even though it was created by MAD/CAM. Alumina 
blanks reinforced with zirconia, as opposed to full-
sintered zirconia blanks and glass infiltration without 
sintering, may be responsible for the difference between 
Celay and DCS systems. Currently, no published studies 
on the marginal adaptation of the Zr-Zahn system exist 
in the literature.

There are some differences between single-crown 
and multiple-unit bridges with regard to marginal 
adaptation, but they are not statistically significant6,20,21). 
Therefore, this study measured multiple points in a 
single crown. Taper angle of abutment was selected as 
6°. In in vitro studies23,24) of marginal adaptation, 
preparation angles varied between 6° and 15°. In this 
study, all groups had same taper angle; it was therefore 
not considered as a variable effecting marginal 
adaptation between groups. 

Recommended finish line types for optimal marginal 
adaptation are shoulder, shoulder-bevel and chamfer18). 
Several studies showed no significant differences 
between shoulder, shoulder-bevel and chamfer-type 
finish lines. In this study, chamfer-type was preferred25). 

Marginal adaptation has a close relationship with 
clinical success for fixed restorations, and there are 
many methods to measure marginal adaptation. The 
preferred methods are microscopy and cross 
section7,8,22-24). In this study, a microscopic measurement 
method was chosen. Results were evaluated with a 
computer using a digital camera attached to a microscope. 

This study compared marginal adaptation of 
different coping materials fabricated using CAD/CAM or 
MAD/CAM system, and did not find any superiority of 
either system over the other. Although CAD/CAM system 
was used for both LAVA and DCS groups, a significant 
difference was found in terms of their marginal 
adaptation. Similarly, Celay and Zr-Zahn groups differed 
in terms of marginal adaptation, although MAD/CAM 
system was used for both of them. On the other hand, 
copings produced by CAD/CAM (DCS), MAD/CAM 

(Zr-Zahn) or metal casting techniques had similar 
marginal gaps, suggesting that the production technique 
is not the sole factor leading to better results. On the 
other hand, best results were obtained with LAVA group 
using CAD/CAM system. Based on these findings, only 
one of the groups using CAD/CAM system provided 
better results, but the other CAD/CAM system did not 
prove superior to MAD/CAM system, thus not supporting 
the hypothesis of the present study. 

CONCLUSION

Findings of this study showed that optimal marginal fit 
does not solely depend on the system used for fabrication. 
Type of the coping material (zirconium or alumina-
reinforced with zirconia), partial or full sintering that 
would modify the hardness of the blanks, and accuracy of 
milling procedure all seem to have an effect on marginal 
gap and should be tested in further clinical studies. In 
the selection of the most suitable restoration for the 
patient, clinicians must take notice of the properties of 
the production material rather than the production 
system. While the utilization of hard coping material 
increases the fracture resistance of restorations, we 
believe that it causes difficulty in the processability of 
the material in both systems. This difficulty in the 
milling process may increase marginal gap, hence result 
in poorly adapted restorations clinically. 
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